Novel miniaturized polyvinyl chloride (PVC) membrane sensors in all-solid state graphite and platinum wire supports were developed, electrochemically evaluated and used for the assay of orphenadrine citrate (ORP). The ORP sensors were based on the formation of an ion-association complex between the drug cation and tetrakis(4-chlorophenyl)borate (TpClPB) anionic exchanger as electroactive material dispersed in a PVC matrix. Linear responses of 10 M with cationic slopes of 56.4 mV and 53.6 mV over the pH range 4-7 were obtained by using the ORP-coated graphite (sensor 1) and platinum wire (sensor 2) membrane sensors, respectively. The proposed methods displayed useful analytical characteristics for the determination of ORP in Norflex ® tablets with average recoveries of 100.01±0.83, 100.09±0.90, and in plasma with average recoveries of 99.4±0.97 and 98.55±0.82, for sensor 1 and 2, respectively. The methods were also used to determine the intact drug in the presence of its degradate and thus could be used as stability indicating methods. The results obtained by the proposed procedures were statistically analyzed and compared with those obtained by using an official method. No significant difference for both accuracy and precision was observed.
Introduction
Orphenadrine citrate [(RS)-(dimethyl-2-(2-methylbenzhydroxy)ethyl) amine citrate (C 18 H 23 NO,C 6 H 8 O 7, mol. wt. 461.5)] is most widely employed as skeletal muscle relaxant [1] . It acts centrally by depressing the appropriate neurons to prevent the generation of somatic molar nerve impulses. Several methods have been applied in the literature for the determination of ORP in dosage forms and in biological fluids. Techniques such as spectrophotometry [2] [3] [4] [5] [6] , potentiometry [7] , gas chromatography-mass spectrometry (GC-MS) [8] [9] [10] , atomic absorption [3, 10] and high performance liquid chromatography (HPLC) [11] [12] [13] , have been used. From all these procedures only the HPLC technique [13] was recommended as a stability indicating assay. The potentiometric method reported for determination of ORP by ion selective electrode [7] , used ammonium reineckate as anionic exchanger and nitrobenzene as plasticizer. This electrode, however, wasn't examined with ORP major degradation product o-methylbenzhydrol, and drugs co-formulated with ORP, such as paracetamol, caffeine and aspirin, and their selectivity coefficients were tested for only a few organic and inorganic cations. Tetrakis(4-chlorophenyl)borate (TpClPB) was reported as famous ion exchanger [14] [15] [16] . It was used in the formation of many sensors [17] [18] [19] . In this work, it was found that ORP reacted with (TpClPB) to form water insoluble ion association complex. The high lipophilicity and remarkable stability of this complex suggested its selective use as electroactive material in PVC matrix membrane sensors for the determination of the drug studied, in the presence of its degradate and related substances. [20] The aim of this work was to develop simple sensors of low cost with fast response to be applicable in turbid, viscous and coloured solutions. These sensors offered highly sensitive and selective technique for the determination of ORP as a pure drug, in pharmaceutical dosage forms and in the presence of ORP degradation product and co-formulated drugs.
Experimental

Instruments
A Jenway digital ion analyzer model 3330 (Essex, UK) with a Ag/AgCl double junction reference electrode no. 924017-LO-Q11C was used for potential measurements. Bandelin sonorox magnetic stirrer model Rx 510 S, (Budapest, Hungary) was used during measurements. A Jenway pH glass electrode No. 924005-BO3-Q11C (Essex, UK) was used for pH adjustments.
Chemicals and reagents
Orphenadrine citrate reference standard was kindly supplied by Egyptian International Pharmaceutical Industrial Company "EIPICO", (Cairo, Egypt), its purity was certified to be 99.43 %. o-methylbenzhydrol (degradation product of ORP) was obtained from Sigma chemical company (St. Louis, MO). Its purity was labelled to be 98.69 %. Norflex ® tablets (labelled to contain 100 mg orphenadrine citrate per tablet), were obtained from Egyptian International Pharmaceutical Industrial Company "EIPICO", (Cairo, Egypt). All chemicals and reagents used were of analytical reagent grade. Water used was bi-distilled. Polyvinyl chloride (PVC) high molecular weight, dioctyl phthalate (DOP) and tetrakis (4-chlorophenyl) borate (TpClPB) were purchased from Aldrich (Steinheim, Germany). Tetrahydrofuran (THF) BDH (Poole, England). Hydrochloric acid Prolabo (PA, USA). Britton-Robinson buffer (BRB) (pH 2-12) was prepared by mixing different volumes of 0.04 M acetic acid, 0.04 M phosphoric acid, 0.04 M boric acid and 0.2 M sodium hydroxide [21] . Fresh human plasma was supplied by (VACSERA, Giza, Egypt) and used within 24 hours.
Standard solutions
Prepared by transferring 0.461 g of ORP into 100 mL volumetric flask and completing the volume with bi-distilled water using BRB solution to adjust pH at 6. M aqueous drug solution were acidified with two drops of 1 M hydrochloric acid and mixed with the saturated aqueous solution of TpClPB. The resultant precipitate was filtered, washed with cold water, dried at room temperature (about 20 °C) and grounded to fine powder, forming the ion-pair complex. Elemental analysis was carried out to study the formation of the complex. In a glass Petri dish (5 cm diameter), 10 mg of the previously prepared ion association complex were mixed thoroughly with 0.35 mL DOP and 0.19 g PVC. The mixture was dissolved in 5 mL THF, and then the Petri dish was covered with a filter paper and left to stand for one hour to allow slow evaporation of the solvent, producing a thick homogeneous master coating PVC solution.
Sensor 1 fabrication (ORP-coated graphite electrode)
A rod of spectrographic graphite (6 mm in diameter and 15 mm long) was inserted in a polyethylene sleeve, and about 3 mm of the other end of the protruded rod served as a measuring surface. This end of the rod was washed with acetone, dried in air for three hours, and dipped rapidly into the previously prepared PVC solution. The solvent was allowed to evaporate in air after each dipping, and the dipping process was repeated 6-8 times to produce a uniform membrane on the surface of the graphite rod. One drop of mercury was added in the polyethylene sleeve to ensure electrical contact with the connection cable. The coated graphite rod was conditioned by soaking in a 10 -2 M ORP solution for five hours, and stored in the same solution when not in use.
Sensor 2 fabrication (ORP-coated platinum wire electrode)
The cover of an insulated platinum wire (2 mm in diameter and 10 mm in length) was removed for a length of about 1 cm at both ends. One end of the wire was immersed in the previously prepared PVC solution and was left to stand for 10 min to allow complete air drying, forming a thin membrane around the wire end. The resultant coated wire membrane sensor was conditioned in 10 -2 M drug solution for three hours and was stored in the same solution when not in use.
Sensors calibration
The conditioned sensors were calibrated by separately transferring 50 mL aliquots of solutions (1× 10 -6 -1× 10 -2 M) of ORP into a series of 100-mL beakers. The membrane sensors in conjunction with Ag/AgCl reference electrode were immersed in the above test solutions and allowed to equilibrate while stirring. The potential was recorded after stabilizing to ± 1 mV and the emf was plotted as a function of negative logarithm of ORP concentration. The calibration plots obtained were used for subsequent measurements of unknown samples of ORP.
Application to pharmaceutical formulations (Norflex ® tablets)
The contents of 10 tablets were weighed, grounded and mixed thoroughly. A suitable portion of powder equivalent to 0.0461 g ORP was transferred into a 100 mL volumetric flask; then 50 mL of bi-distilled water were added. The solution was shaken for 3 minutes before completing to the mark with the same solvent and using BRB solution to adjust pH to 6. This prepared solution is a 10 M ORP using bi-distilled water and adjusting the pH to 6 by BRB solution. The procedure was completed as described under sensors calibration. M standard drug solution were added separately into three stoppered shaking tubes (20 mL), each containing 9 mL of plasma which was previously adjusted to pH 6 with BRB solution. The tubes were shaken for 1 minute. The membrane sensors were immersed in conjunction with the reference electrode in these solutions, and then washed with water between measurements. The emf produced for each solution was measured by the proposed electrodes; then the concentration of ORP was determined from the corresponding regression equation.
Application to synthetic mixtures containing different amounts of ORP degradate
Results and discussion
Microelectrodes are the subject of much research in recent years and the advantages they offer over conventional electrodes are well known [22, 23] . Metallic and graphite-based conductors of many geometric shapes have been suggested, such as wire, disc and cylinders [24, 25] . These electrodes behave as two interface devices, membrane/electrolyte interface and membrane/metal interface [26] . Coated wire electrodes (CWEs) for some cations and anions [28] were described [27] [28] [29] . Also coated graphite rods were used as sensors for the determination of some drugs such as atenolol [30] , tizanidine [31] and rivastigmine [32] . ORP contains a tertiary amino group and behaves as cation in acidic media − as HCl was added during preparation of electroactive coating membrane − the fact that suggests the use of anionic type of ion exchangers to form complexes with it. TpCIPB with its low solubility product and suitable grain size was found to be optimum for the formation of 1:1 hydrophobic ion association complex with the studied drug, Fig. 1 . The complex ratio between TpCIPB and the drug was 1:1 as proved by elemental analysis, Table 1 . 
Sensors fabrication
A microsized graphite and platinum wire coated with thin films of PVC-ORPTpClPB were prepared and used as potentiometric sensors for ORP drug. Upon soaking these sensors in 10 -2 M drug solution, a homogenous electroactive polymer-ORP site was formed, which induced a potentiometric response for the ORP cation through an ion-exchange mechanism.
It has been reported that PVC acts as a regular support matrix for the membrane and reproducible trap for the ions sensed [33] [34] [35] , but its use created a need for a mediator [36] . In the present investigation, DOP (a non polar plasticizer) was found to be the optimum available mediator for the PVC membrane sensors. It plasticized the membrane, dissolved the ion association complexes and adjusted both of the membrane permittivity and ion exchanger sites mobility to give the highest possible selectivity and sensitivity. Except for dibutylsebacate which had the same effect as DOP, other mediators such as, tricresylphosphate and castor oil failed in dissolving the ion association complexes and thus gave noisy responses. The membrane constituents were dissolved in THF that was slowly evaporated at room temperature, leading to the formation of thick homogeneous PVC-ORP-TpClPB solution for coating of both the graphite rod and platinum wire. Fig. 2 and 3 . c Average recovery percent of determining 10 -3 , 10 -4 M ORP for the studied electrodes using a Jenway 3510 digital ion analyzer instead of 3310 model.
Sensors calibration and response time
Electrochemical performance characteristics of the proposed sensors were systematically evaluated according to IUPAC standards [37] . Table 2 shows the results obtained over a period of one month for two different assemblies of each sensor. Typical calibration plots are shown in Fig. 2 and 3 . The sensors displayed constant potential readings within ±2 mV from day to day and the calibration slopes did not change by more than ±2 mV per decade over a period of 42 and 18 days for the coated graphite and platinum wire sensors, respectively. The required time for the sensors to reach values within ±1 mV of the final equilibrium potential after increasing drug concentration 10 folds was found to be 5 and 7 seconds, for sensors 1 and 2, respectively. The slopes of the calibration plot were 54.8 and 51.6 mV/concentration decade, for the coated graphite and platinum wire sensors, respectively. Deviation from the ideal Nernstian slope (60 mV) stems from the fact that electrode responds to the activity of the drug cation rather than its concentration. 
Sensors pH and temperature
In measurements with the two investigated sensors, the experimental parameters were studied to reach the optimum conditions. A pH value within the range 4-7 was found to be optimum from the point of view of both sensor function and the chemical form of the test solution, ORP being in the cationic form in acidic media. Fig. 4 and 5 show the potential pH profile for 10 -3 and 10 -4 M drug solutions. Above pH 8, the potentials displayed by the sensors sharply decrease due to formation of non-protonated ORP. Below pH 4, the potentials displayed by the sensors were noisy and unbalanced due to sensor shocking. It was apparent that the sensors responses are fairly constant in BRB solutions of pH 4-7, therefore BRB solution of pH 6 was used throughout the measurements. Upon studying the effect of temperature, the suggested sensors exhibited slight gradual increase in their potentials as the temperature increased in the range of 20-35 °C. However, the calibration graphs obtained at different temperatures were parallel. The limit of detection, slope and response time did not significantly vary with variation of temperature, indicating reasonable thermal stability of PVC membrane up to 35 °C. Table 3 . Potentiometric selectivity coefficients (K pot ORP.I) of the two proposed electrodes by using the separate solutions method (SSM) [37] . 
Sensors selectivity
The effect of interfering substances upon the performance of the sensors was studied by separate solution method using the following equation [37] : Table 3 shows the potentiometric selectivity coefficients of the proposed sensors in the presence of capsules excipients, degradates, organic and inorganic related substance and also some co-formulated drugs; the results revealed that the proposed membrane sensors displayed high selectivity, and that no significant interference was observed from interfering species. Also, they revealed that sensor 1 displayed greater selectivity for ionic interfering species such as NaCl, KCl, and CaCl 2 than did sensor 2. Table 4 shows the results obtained for the determination of ORP in pharmaceutical formulations (Norflex ® tablets), proving the applicability of the method, as demonstrated by the accurate and precise percentage recovery; the results obtained were also compared with those obtained by using official method [38] (HPLC method using methanol-0.05 M ammonium phosphate bufferacetonitrile (9:8:3 by volume)). No significant difference in results was found. Placebo experiments containing all additives in the same ratio as that used in tablets were investigated. The excipients present in Norflex ® tablets (lactose, glucose, mannitol, sodium chloride, magnesium stearate and polyethylene glycol) did not show any interference. Thus, analysis was carried out without prior treatment or extraction. Table 5 shows the results obtained for the determination of ORP in spiked human plasma; it was clear from the results that a wide concentration range of the drug could be determined by the investigated sensors as they gave stable results in slopes and mV readings revealed by the high precision and accuracy of the recovery results. It is also clear from the results shown in Table 5 that sensor 1 is more sensitive than sensor 2 because wider concentration ranges of the drug could be determined. Fig. 6 shows the reported acid degradation of the drug [13] ; the degradation products are o-methylbenzhydrol and dimethylethylamine. Table 6 shows the results obtained upon analysis of synthetic mixtures containing different ratios of intact drug to degraded sample, varying from 100:0 to 10:90. The results showed that sensor 1 can be successfully used for selective determination of intact drug in the presence of >90% of the degradate. While sensor 2 suffered from great interference when the degradate concentration is up to about 30 %. Thus sensor 1 is recommended for use in stability-indicating methods. Table 6 . Determination of ORP in laboratory prepared mixtures containing different ratios of ORP and its induced acid degradation product by the proposed electrodes.
Conclusion
The studied electrodes are sufficiently simple and selective for the quantitative determination of ORP in drug bulk powder, pharmaceutical formulations, plasma and in the presence of its degradate. The use of the proposed sensors offers the advantage of fast response, elimination of drug pre-treatment or separation steps and accuracy over wide concentration range. They can therefore be used for the routine analysis of the drug in quality control laboratories.
